
Wilson Bull ., 91(1), 1979, pp. 62-71

ORGANOCHLORINEPOLLUTANTSAND POPULATION
STATUS OFLEAST TERNS IN SOUTHCAROLINA

Lawrence J. Blus and Richard M. Prouty

Most populations of Least Terns ( Sterna albijrons) in the United States

are reportedly declining or experiencing poor reproductive success (Fisk

1975, Massey 1974) . The California race (S. a. browni) is classified as

“endangered” by the U.S. Fish and Wildlife Service (Wilbur 1974) and the

eastern race (S. a. antillarum ) is classified as “threatened ’ by the State

of Florida. Interior Least Tern (S. a. athalassos
)

populations are apparently

experiencing much the same problems as those of the other races (R. Down-

ing, pers. comm.). Little Tern ( S . a. albijrons) populations in Great Britain

and Ireland have steadily decreased since the early 193(Ts (Norman and

Saunders 1969)

.

Sprunt and Chamberlain (1949), in the last evaluation of the Least Tern

in South Carolina described its population status as “completely satisfactory."

Recent concern about the future of the Least Tern and the need for updating

its status in South Carolina prompted us to study its population status and

reproductive success in that state, particularly in relation to organochlorine

pollutants.

METHODS

We studied Least Tern colonies on the Cape Romain National Wildlife Refuge

(CRNWR) and surrounding areas in South Carolina from 1971 through 1975. Each

year, we were in the field from April to August. Because most of our effort was directed

toward studying Brown Pelicans ( Pelecanus occidentalis ) and other estuarine birds, we

spent only a limited amount of time surveying for new Least Tern colonies and studying

those that were located. But when a colony was located, we attempted to count all nests

with eggs or young; empty nest scrapes were sometimes also counted. We visited several

colonies only once a season, and we rarely visited a colony more often than once a week.

Because of our infrequent visits and the difficulty in locating the young, we were only

able to roughly estimate reproductive success (fledglings per nest) as follows: good

—
1, fair = 0.50-0.99, poor =r < 0.50, and failed = 0.00.

Eggs were collected from 4 colonies in 1972-1975. We took 1 egg from 38 nests

selected for sampling and collected 6 eggs that were washed out of nests by tidewaters.

We collected eggs in all sections of each sampled colony in order to obtain a repre-

sentative sample. We weighed and measured the eggs soon after collection. The con-

tents of the eggs were placed in glass bottles that were previously rinsed with a dilute

nitric acid solution, deionized water, hexane, and acetone; aluminum foil-lined caps

were attached; and then the samples were frozen. The shells were thoroughly washed

with tap water and allowed to dry at room temperature. Shell thickness (shell and

shell membranes) was measured at 3 sites on the waist of each egg with a micrometer

62



Bins and Prouty • ORGANOCHLORINEPOLLUTANTSAND LEAST TERNS 63

graduated to 0.01 mm. The mean of the 3 measurements was used to represent the

thickness of the shell.

Contents of eggs were analyzed for organochlorine residues by electron capture gas

chromatography. A 4% SE-30/6% QF-1 column was used for the 1972 samples and a

1.5% OV-17/1.95% QF-1 column was used for the 1974 and 1975 samples (Cromartie

et al. 1975). The level of sensitivity was 0.50 /rg/g for PCB’s and 0.10 Mg/g for other

organochlorines.

RESULTS

Surveys of nesting colonies and reproductive success. —We found Least

Tern nesting colonies in 6 different sites on the CRNWR(3 on Cape Island,

2 on Raccoon Key, and 1 on Anderson Creek Shelibank), and on 4 nearby

islands on the Atlantic Coast (Table 1). Fisk (1975) reported Least Terns

nesting several miles inland from Charleston, South Carolina in 1974. They

reportedly nested on black polyethylene plastic at an agricultural research

station. In 1976 and 1977, Least Terns established 3 colonies on flat-roofed

buildings in Charleston (E. J. Fisk, pers. comm.). All other known colonies

of Least Terns in South Carolina are on coastal islands; adults are rarely

seen inland (Sprunt and Chamberlain 1949).

Least Terns are colonial nesters that select barren sand or shell beaches

for nesting. The terns scrape out a cavity in the bare sand or arrange a

pile of small shells where they lay their eggs. Marples and Marples (1934)

indicated that Little Terns characteristically excavate more scrapes than

required for nesting. On 18 June 1975, we found 555 fresh scrapes and 71

nests with eggs on the southwest point of Cape Island; 220 active nests were

eventually found in this colony. On the same date, 379 fresh scrapes and

25 nests with eggs were noted in the colony on Cape Island Point; 26 active

nests were eventually found. Similar ratios of scrapes to active nests were

also found in the other colonies.

Seven of the 10 nesting areas of Least Terns located in South Carolina

were near —but did not overlap —those of the Black Skimmer ( Rynchops

nigra) and Gull-billed Tern ( Gelochelidon nil otic a)

.

The minimum distance

between Least Tern nests and nests of their larger associates was about

15 m. The Least Tern nested near the Wilson’s Plover
( Charadrius wilsonia )

in 3 colonies, although we only found about 8 plover nests. In North

Carolina, nesting areas of Least Terns also did not overlap those of other

colonial nesting species (Soots and Parnell 1975).

The color of the small eggs and young of the Least Tern is such an

effective camouflage that it is difficult to locate them against the background

of sand and shells. Censusing is difficult because the terns tend to nest in

loose aggregations where their nests may be 3 to 4 m apart, the colony

may be divided into several discontinuous subcolonies, and because the
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precocial young usually leave the colony when only a few days old. The

most effective method of finding nesting colonies is to cheek foi adult

activity on likely looking beaches, shell banks, or dredge islands.

Migrating Least Terns arrive in South Carolina as early as 15 March

(Sprunt and Chamberlain 1949); they apparently initiate repioductive

behavior sometime in April. We found empty scrapes as early as 3 May in

an area that later contained active nests. Eggs were found as early as

17 May and young as early as 6 June. Wefound eggs as late as 24 July.

The number of eggs in 396 clutches ranged from 1 to 3 (x = 1.73) . These

clutches were in colonies that were censused several times before hatching.

Of the 396 clutches, 116 (29.3%) contained 1 egg, 272 (68.7%) contained

2 eggs; and 8 (2.0%) contained 3 eggs. The peak of hatching was between

21 June and 8 July in the colony on Cape Island Point in 1971, and between

10 and 24 July in 2 colonies, Cape Island Point and Cape Island (southwest

point), in 1975. The nesting season of the Least Tern is relatively short and

although this species may renest when their eggs are lost (Schonert 1961),

they do not extend their nesting season into August and September in South

Carolina as the Gull-billed Tern and Black Skimmer sometimes do after

repeated nesting failures.

We estimated good reproductive success in 1 colony, fair success in

another colony, and we classified reproductive success in the remaining col-

onies as poor, unknown, or failed (Table 1). Even in the 2 colonies where

reproductive success was estimated as good or fair, we observed no young-

in the colony after the peak of hatch. For example, 102 nests were counted

on 21 June and 112 young (28 out of nests) were observed on Cape Island

Point in 1971; we estimated the colony contained 150 nests. On our next

visit on 8 July and subsequent visits, no active nests or young were observed.

Also, 220 nests were counted on 2 July on the southwest point of Cape

Island; 137 nests and 44 young (28 out of nests) were observed on 10 July.

On the next visit on 24 July and subsequent visits, no active nests or young

were observed. The colony on the southwest point of Cape Island in 1975

contained the largest number of active nests (220) of any colony that we
censused.

Least I ern nests aie susceptible to flooding, predation, and disturbance.

We observed tidal flooding of nests in 4 colonies, and suspected that at

least some of the nests in other colonies were also susceptible to flooding. In

the second week of June 1975, all nests in 2 colonies on Cape Island were
destroyed by tidal flooding. Of the 61 active nests present on Cape Island

Point on 28 May, only 9 abandoned eggs (2 depredated) remained on 12

June. By 18 June, many of the Least Terns had renested; we found 71



Bins and Prouty • ORGANOCHLORINEPOLLUTANTSAND LEAST TERNS 65

Censuses of Least

Table 1

Tern Colonies, Cape Romain National Wildlife

Refuge and Surrounding Areas

Colony Year
Number of

active nests 1

Estimated
reproductive

success 2

Cape Island Point 1971 102+ Good

1972 Apparently inactive —
1973 2+ Poor

1974 99 Poor

1975 26 Poor

Cape Island 1971 Not censused —
(southwest point) 1972-73 Apparently inactive —

1974 69 Unknown

1975 220 Fair

Cape Island 1972 Terns nesting- —
(south end) not censused

Inactive other years —
Raccoon Key 1971 Not censused —

(north end) 1972 32 Failed

1973 19 Poor

1974 1+ Poor

1975 Apparently inactive —
Raccoon Key 1972 1+ Unknown

(south end) Inactive other years

Anderson Creek 1971 Not censused —
Shellbank 1972 11 Poor

1973 2 Unknown

1974 Not censused —
1975 Inactive —

Capers Island 1974 3+ Unknown

(Charleston County) Not censused other years —
Sullivans Island 1971-73 Not censused —

1974 13 Poor

1975 Nests not censused; 10 —
fledglings on beach on

18 July (see text)

Bird Key 1971-72 Not censused —
(Stono River) 1973 66+ Unknown

1974 3+ Poor

1975 8 Poor

Deveaux Bank 1971-74 Apparently inactive —
1975 1+ Failed

that the census was

incomplete.
- See text for explanation.
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active nests on the southwest point and 9 active nests on Cape Island Point.

A number of terns losing nests on Cape Island Point apparently moved to

the southwest point to renest. By 10 July, some nests on the southwest point

were flooded and 8 abandoned eggs were located; although the flooding

was relatively minor and a number of active nests and recently hatched young

were present.

Wenoticed some evidence of predation of Least Tern eggs and young, but

we found no sign of predation on the few dead adults located. Ghost crabs

( Ocypode quadrata
) are numerous in most Least Tern colonies and are

probably important predators of eggs and young. Several young terns were

observed hiding in crab burrows. Ghost crabs are suspected of taking eggs

and young of birds (Beckett 1966, Sprunt 1948), and we observed a ghost

crab preying on a young Gull-billed Tern. Rats
(
Rattus spp.), raccoons

( Procyon lolor)
,

snakes, and several birds of prey were also observed on

the nesting islands and are potential predators of Least Terns.

In contrast to other colonial birds in South Carolina, Least Terns some-

times nest in areas heavily used by man. The colony on Sullivans Island

was on a beach regularly used by bathers and dogs. Success in 1974 was

apparently poor, but 10 fledglings were observed near the colony site on

the only visit in 1975. Massey (1974) indicated that Least Terns may move

some distance soon after fledging; thus, it is uncertain that the fledglings

observed on Sullivans Island were actually raised there. Other sources of

disturbance to nesting terns include livestock (Capers Island) and logger-

head turtles
(
Carelta caretta)

.

Eggshell thickness. —The mean eggshell thickness of Least Tern eggs

ranged from 2 to 7% thinner than the thickness of eggs collected before

1947 (Table 2). Individual eggshell thickness ranged from 0.13 to 0.18 mm
in the pre-1947 sample and from 0.13 to 0.17 mmin the sample collected

in the 1970’s. Although multiple range tests (Duncan 1955, Kramer 1956)

indicated a significant difference (P < 0.05) between the pre-1947 mean

and the 1974 mean, further statistical testing revealed that the sample size

was insufficient to detect a change of 10% when probability = 0.05,

power = 0.8, and the coefficient of variation = 7.9% (Sokal and Rohlf

1969:247, Klaas et al. 1974). We observed no extremely thin-shelled,

cracked, or crushed eggs.

Organo chlorine residues . —Residues of DDE and PCB’s were found in

each of the 44 eggs analyzed (Table 3). Low levels of mirex, dieldrin,

frans-nonachlor, and toxaphene were found in a few eggs. Residues analyzed

for, but not detected, included hexachlorobenzene, cTs-nonachlor, cis-chlor-

dane, oxychlordane, heptachlor epoxide, and endrin.

Residues of DDEdeclined each year of the study so that residues in 1975
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Eggshell

Table 2

. Thickness of Least Tern Eggs

Eggshell thickness (mm)

Pre-1947 1972 1974 1975

0.152± 1 0.145 it 0.142± 0.149±

0.002 0.005 0.002 0.004

(61) A (11) A (20) A (15) A
1 Mean ± standard error, sample size in parentheses. When means share a common letter, this

indicates that those means are not significantly different (P > 0.05) from one another as calculated
by multiple range tests (Duncan 1955, Kramer 1956) or the multiple range tests indicated
significant differences but other tests (Sokal and Rohlf 1969; Klaas et al. 1974) revealed the
sample size was too small (see text).

were nearly 50% lower than in 1972. Although multiple range tests (Duncan

1955, Kramer 1956) indicated a significant difference (P < 0.05) between

means for DDE in each of the 3 years (Table 3), further statistical testing-

revealed that, except for the comparison of the 1972 and 1975 means, the

sample size was insufficient to detect the observed percentage change in

means when probability = 0.05, power = 0.8, and the coefficient of

variation = 37% (Sokal and Rohlf 1969:247). Significant differences

(P < 0.05) were found between mean PCB residues in each of the 3 years,

Table 3

Residues of Organociilorine Pollutants

in Least Tern Eggs

fig / g (fresh wet weight) 1

Year Sample size DDE PCB’s

1972 9 0.63
2 A3

0.40 A
0.48-0.80 0.18-0.65

0.39-1.06 0.25-1.10

1974 20 0.48 AB 1.08 B

0.39-0.57 0.95-1.22

0.19-1.22 0.67-1.90

1975 15 0.33 B 0.62 C

0.27-0.39 0.51-0.75

0.22-0.53 0.25-1.03

egg), frans-nonachlor

0 (j. g/g in 1 egg and
i Other organochlorine residues detected included mirex (0.12 Ag/g in 1

(0.10 u-g/g in 1 egg), dieldrin (0.10 /rg/g in 1 egg), and toxaphene (0.1

°
^Geonmtric* mean (first line), 95% confidence limits (second line), and range (third line).

•' See Table 2 and text for explanation of letters.
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and the sample size was sufficient to detect the observed percentage change

in means when probability — 0.05, power — 0.8, and coefficient of varia-

tion = 39%. In contrast to the steady decline in DDE residues, PCB residues

increased from 1972 to 1974 then declined in 1975 (1 able 3).

DISCUSSION

We found no evidence of a decline in South Carolina Least lern popula-

tions since the 1940’s. Sprunt and Chamberlain (1949) indicated the Least

Tern had recovered from exploitation by 1927; they estimated 600 breeding

pairs occurred within 80 km of Charleston. We were among cooperators

surveying nesting colonies of Least Terns along the entire South Carolina

coast; these surveys recorded 691 breeding pairs in 1974 and 628 p a h' s in

1975 (Lisk 1975, E. J. Lisk, pers. comm.). The population figures before

the 1970’s were based mainly on estimates, and covered only a portion of

the coastline. Apparently, the South Carolina population was never very

large. Least Terns in South Carolina are probably not producing sufficient

young to maintain a stable population, but our data are severely limited

and intensive research on reproductive success and age specific mortality

rates are required to determine population status. Because of the logistical

problems of studying Least Terns, there is little quantitative information on

reproductive success of these birds. A colony of Least Terns near Gulfport,

Mississippi, apparently experienced an excellent rate of reproductive success

in 1976; over 400 young and nearly 200 nests with eggs were observed in

late June (Jackson 1976).

Declines of Least Tern populations have been documented in other states.

A single island in Georgia contained an estimated 2500 breeding pairs in

1925 (Tomkins 1959) ;
2 nests were located in the entire state in 1974 (Lisk

1975). An estimated 25,000 terns occupied the North Carolina coast in

1939 (Pearson et al. 1942). The estimate by Pearson et al. seems much too

high since they found only 830 nests. Downing (1973) estimated 1138 pairs

of Least Terns in North Carolina in 1973 whereas Lisk (1975) estimated

463 pairs in 1974. The North Carolina population has probably declined

over the last 40 years due to loss of several nesting colonies, but the decline

has probably been far less drastic than commonly believed (Nisbet 1973).
The decline of the Georgia population was probably caused by man-made
alterations in nesting grounds that permitted invasion of raccoons and other

predators (Tomkins 1959). Human interference has also played a major
role in the decline of Least Tern populations in California (Massey 1974,
Wilbur 1974), Massachusetts and other localities on the Atlantic Coast

(Nisbet 1973), and in Great Britain and Ireland (Norman and Saunders

1969).
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Residues of organochlorine pollutants found in eggs of Least Terns from

South Carolina are low and pose no identifiable threat to the birds. Massey

(1971) found DDE in abandoned eggs of Least Terns collected in Orange

County, California, in 1970. She reported residues of DDE ranging from

42 to 271 fig/ g on an apparent lipid basis which we converted to 6 to

41 fig/g on a wet weight basis. Although Massey (1971) made no attempt

to interpret relevance of these residues, they probably posed a threat to the

Least Terns in Orange County as residues of that magnitude induced adverse

effects on reproductive success of Common Terns ( Sterna hirundo) in

Canada (Fox 1976). Least Tern eggs collected in Texas in 1970 contained

an average of 6.9 fig/ g of DDT and metabolites and 2.6 gg/ g of PCB’s on

a wet weight basis (King et al. 1978)

.

The declining trend in DDE residues and erratic trend for PCB residues

in eggs of Least Terns from 1972 through 1975 were similar to trends of

these pollutants in Brown Pelican eggs collected in South Carolina during

the same period ( Blus et al. 19/ /, Blus et al. unpublished data). Least Tern

eggs contained lower residues than those of the Brown Pelican and othei

estuarine birds in South Carolina (Blus et al. unpublished data).

We are guardedly optimistic about the future of Least leins in South

Carolina. The colonies on Cape Island, Raccoon Key, and Anderson Creek

Shellbank are protected by the CRNWR. Capers Island is now managed by

the South Carolina Conservation Department; Deveaux Bank is managed

by the National Audubon Society and has been designated the Alexander

Sprunt, Jr. Sanctuary. Bird Key (Stono River) is owned by the state hut

is not managed by the Conservation Department. The future of the colonies

on Kiawah Island, Hilton Head Island (not covered in this report), and

Sullivans Island is tenuous because of extensive human disturbance. A good

set of management measures outlined by Buckley and Buckley (1976) should

be followed to ensure protection of Least Terns nesting on developed beaches.

Several of the colonies have been posted, but for best results, close surveil-

lance must accompany the posting. The recent roof nesting adaptation of

the Least Tern seems a favorable one as the birds are free from most pre-

dators and human disturbance; however, flooding is a problem. Manage-

ment possibilities for roof nesters include nesting containers (several inches

high) containing sand or shells and simple structures that could provide

cover for the young.

SUMMARY

Least Tern nesting colonies on the Cape Remain National Wildlife Refuge and surround-

ing areas in South Carolina were studied from 1971 through 1975. We located 10 colonies
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including 6 on the Refuge and 4 on nearby coastal islands. The number of nests in each

colony ranged from several up to 220.

Least Terns began reproductive activity in April, and the egg-laying period ranged

from May to July. The earliest hatching record was 6 June. Reproductive success in

most colonies seemed poor. Tidal flooding of eggs, predation of eggs and young, and

disturbance by domestic animals and man were responsible for most failures.

Residues of DDE, PCB’s, and other organoclilorine pollutants in the eggs were low

and posed no identifiable threat to the Least Terns. DDE residues in eggs declined from

0.63 fig/g in 1972 to 0.33 fi g/g in 1975. In contrast, PCB residue trends were erratic;

mean residue values were 0.40 fi g/g in 1972, 1.08 fig / g in 1974, and 0.62 fig/g in 1975.

Eggshell thickness means for 1972, 1974, and 1975 were 2 to 7% lower than the pre-

1947 mean; but the differences between means were not statistically significant.

There is no evidence of a decline in Least Tern populations in South Carolina over the

past 30 years such as observed in many other parts of the range of the species. A number

of the current nesting islands seem secure from adverse environmental perturbations,

although several colonies are on islands that are in danger of extensive development.
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